nanowires are extensions of the outer membrane that contain EET components.
1 0 densities as model points and reconstruct 3-dimensional isosurfaces that represent both 2 0 3 the nanowire structure and the putative EET proteins ( Fig. 6C and Movie S11). While we 2 0 4 observed sections up to ~70 nm and ~75 nm where the exterior and interior densities 2 0 5 clustered closely with 7.3 nm (SD=2.1 nm) and 8.9 nm (SD=2.0 nm) center-to-center 2 0 6 distances, respectively ( Fig. 6D-E) , we did not observe a continuous crystalline-like 2 0 7 packing of these densities along the entire nanowire length (Fig. 6H) . Instead, the outer 2 0 8 membrane and periplasmic densities were distributed over a range of center-to-center 2 0 9 spacings, from 4.9 to 32.5 nm and 5.0 to 29.0 nm, respectively (Fig. 6I ). Here we show high-resolution images of nanowires in S. oneidensis using electron 2 1 3 cryo-tomography. We found nanowires to be OMV chains possibly stabilized by , their structural similarity to these previous reports highlights the significance 2 2 8
of imaging nanowires as a model system to study the formation of OMV chains.
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In order to find a condition that consistently and frequently produced intact chain morphology exhibited by these nanowires is unlikely to be an artifact of fixation
since we also observed a similar OMV chain architecture in nanowires from unfixed typically from ~20 to 170 nm ( Fig. 4D-G formation of the OMV morphology (Fig 5A arrows) . As schematized in Fig. 5D , addition and removal of such constriction densities may also explain the dynamic behavior ( Fig. 5B -C, Movies S7, S8, S9, S10).
The solid-state conductance of S. oneidensis nanowires has been linked to the known about the packing density of MtrC and OmcA molecules along nanowires.
The nanowires in ECT showed densities both on the inside and outside of the 2 7 6 membrane ( Fig. 6A from the periplasm to the cellular exterior. We applied a similar approach to compare the
interior nanowire densities with the periplasmic decaheme cytochrome MtrA. The interior densities were more oblong than their outside counterparts, an observation 2 9 2 consistent with the rod-like shape of MtrA previously revealed by Small-Angle X-ray
Scattering (SAXS)
30
. By overlaying this low-resolution SAXS model on the EM map, the
The isosurface representation of the nanowires, including the placement of the neighboring proteins within the tightest-packed segments were 7.3 nm (SD=2.1 nm) and
8.9 nm (SD=2.0 nm) for the outer membrane and periplasmic proteins, respectively.
Taking the overall dimensions of MtrC 16 (~9×6×4 nm) and the locations of the hemes 3 0 8
(including terminal hemes at the protein edges) into account 16 , the center-to-center segments. However, such a crystalline-like packing of cytochromes was not observed
over the micrometer lengths of whole wires (Fig. 6 ). Instead, we observed a wide
distribution of center-to-center spacings, presented for both the periplasmic and outer for MtrC and MtrA, respectively, do not allow direct electron transfer between for MtrA 30 used in Figure 6B . Thanks to Dr. Catherine Oikonomou for helping edit the 13ER16415 to M.Y.E-N. with a dilution rate of 0.05 h -1 while DOT was still maintained at 20%. After 48 hours of
aerobic growth under continuous flow conditions, the DOT was manually reduced to 0% electron acceptor throughout the experiment. pH was maintained at 7.0, temperature at 30
°C and agitation at 200rpm to minimize mechanical shear forces. 40 hours after DOT reached 0%, samples were taken from the chemostat for TEM imaging. sealed, and autoclaved 100-mL serum bottles containing 60 mL of a defined medium 22 .
7 7
One of the two bottles acted as a control and was not used for imaging. To the control were then placed in an incubator at 30 °C, shaking at 150 rpm until the color due to
resazurin in the control bottle completely faded, indicating anaerobic conditions. We then
took 200 µL of sample from the bottle that did not contain resazurin for TEM imaging. The perfusion flow imaging platform was used as described previously 22 , with some waterproof silicone glue (General Electric Company), applied to two opposite edges of Instruments, model VC-LFR-25) was sealed against the grid-attached glass coverslip and
placed on an inverted microscope (Nikon Eclipse Ti-E) that continually imaged the grid
surface. ~10 ml of the washed culture was injected into the chamber slowly to allow cells
to settle on the grid surface, followed by flow of sterile defined medium from an inverted the silicone glue at the grid edges using a 22G needle, and rinsed by transferring 3 times 4 0 5 in deionized water, before using for TEM imaging. gently using a kimwipe and the grid was stained with 1% uranyl acetate for 2 min before ECT samples were prepared as described previously 58 with minor modifications. Cells were on glow-discharged, X-thick carbon-coated, R2/2, Au NH2 London finder To find whether direct tunneling is possible between the observed densities in Fig. 6A ,
we used the available structures of MtrC and MtrA to calculate the largest center-to- outer membrane is unknown, we took the largest dimension (9 nm) to calculate the direct 4 5 6 tunneling limit. The known direct tunneling limit for the distance between the donor and 4 5 7
acceptor redox sites in biological ET is ~2 nm 1 . This sets the limit of direct tunneling
between MtrCs at 11 nm (9 nm + 2 nm) center-to-center intermolecular distance, MtrA is oriented with its long axis (10 nm) perpendicular to the outer membrane ( dimensions (5 nm), we calculate the limit of direct tunneling between MtrAs to be at 7 4 6 5 nm (5 nm + 2 nm) center-to-center intermolecular distance. To calculate the timescale of diffusion-based electron transfer events, we consider 4 6 9 diffusion-based collisions between cytochromes that are diffusing in the membrane. We
calculate the timescale of diffusion-based collision between the two reacting particles in a 4 7 1 two dimensional membrane using the Hardt approach 63 :
is the mean transit time for the reaction, Shewanella oneidensis strain MR-1 and other microorganisms. P Natl Acad Sci
USA 103, 11358-11363 (2006) . 107, 18127-18131 (2010). Natl Acad Sci USA 111, 12883-12888 (2014) . Geobiology 6, 232-241 (2008) . new bacterial structure and mechanism for deployment of outer membrane
vesicles. PLoS One 6, e20725, doi:10.1371/journal.pone.0020725 (2011). bacteria. Nat Commun 6, 6238, doi:10.1038/ncomms7238 (2015) . The ECT images shown are tomographic slices from three-dimensional reconstructions. See also Fig. S5 and Movies S1 and S2. 
